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Abstract 
Fully-mechanized sublevel caving mining have been widely used due to its efficiency, however, the accompanied breakage such 
as ground cracks caused by which is much bigger than traditional mining methods. The study of ground cracks caused by fully-
mechanized sublevel caving mining can give supports to the prevention or repairation of them. Through field investigation of the 
plane distribution of cracks on a road and plantation in Yanzhou mining group caused by exploitation, this paper got the 
distribution rule of cracks and the characteristic of superficial soil’s effect on their development. Through surveying of the width 
of cracks on the main section, the distribution function of the width have been obtained; the crack width on the main section was 
fitted into a function, which indicates its direct connection with horizontal deformation got through inversion. Remarkably, 
ground cracks can not reflect the immediate situation of horizontal deformation and only 52% of horizontal deformation can be 
reflected through cracks. Meanwhile, four typical cracks was caved. The result suggests that the depth of cracks is proportional to 
their width and step fall and the shape of crack in depth present as “V”, and the depth is finite, less than 3.5m. 
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1. Introduction 
Mining action causes surface subsidence and as it develops, stress state of different points in superficial soil 
changes [1]. When the asymmetry deformation exceeds that of the utmost balanced requirement of soil, cracks occur 
on ground surface. Fully-mechanized sublevel caving mining, due to its fierce intensity, causes the sharp distortion 
of ground reflected in distinct cracks which directly influences the productivity of soil and threaten the safety of 
buildings and constructions. Therefore, it is important to make clear the distribution rules of ground cracks in the 
reclamation and “three underneath” coal mining. Based on field survey of ground cracks in 5305 working face in 
Baodian colliery of Yanzhou mining group, the distribution patterns of ground cracks along the strike and dip were 
studied and their connections with horizontal deformation were also analyzed. 
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2. Basic situation of studied area 
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 The 5305 coal face under sublevel caving excavates the third stratum of Shangxi group, and its east adjacent to 
5306 old goaf and west adjoining 5304 working face under riverbank of Si-River. Underground altitude of the coal 
face is between minus 250m to 325m and surface altitude of it is about 46m. Having medium hard rock mass, the 
strike length of 5305 face is 1987 m and dip of it is 192 m. The coal seam with 8.7 m thickness on average is stable 
and simple in structure and average inclination is 8 degree. 
In order to obtain the distribution situation of which, surface cracks along the strike and dip were observed for 
several times, and among them dip cracks mainly centered at cropland west of the working face and strike cracks got 
on a concrete pavement along the advancing direction. The location of working face and ground cracks in one 
survey is displayed in Fig. 1. As hairlike cracks on road can be measured and the cracks on cropland can’t be found 
by eyes, the analysis in the paper are based on cracks along the strike. 
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Fig. 1. Location of working face and ground cracks surveyed 
3. Horizontal distribution laws of ground surface cracks 
3.1. Formation process of ground surface cracks 
During the development of cracks above working face, it obeys the following steps: firstly small ground cracks 
emerge ahead a working face, and then they increase in width following the continue exploitation, after that when 
working face is below these cracks, they reach their extreme width followed by the reverse process after working 
face carries on[2]. In ideal situation, these cracks will eventually reach full closure, however, some cracks can’t close 
completely while others uplift due to extrusion during fully-mechanized thick caving. 
According to our observation, ground cracks firstly appear 12 meters away from the boundary of working face 
and along with the advancing, cracks spread to other places far away from working face and stop until crack growth 
angle. There are 3 to 5 big fractures surrounded by many small ones and they can’t close even after the end of 
exploitation. 
3.2. The distribution of ground cracks 
Through field observation, horizontal location of surface cracks was displayed in Fig.1 (showing just cracks 
ahead and on rise side of working face). To conclude: 
Dynamic cracks above the working face are linearly shaped parallel to advancing direction contrasting with curve 
cracks above goaf corner. The formation of these cracks resembles that of subsidence basin [3]. 
Big cracks are always accompanied with steps, 100 to 260 millimeters height. Unlike the situation in thin coal 
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seam where steps always show an inclination to mining area, these steps form horst and graben one by one 
becoming reverse pair [4]. 
Closed cracks differ in their extent, some still stretch while others upheaval due to squeeze. Asphalt road shows 
obvious uplifting situation which suggests the asymmetry distribution of squeezing area and with different 
convergence. 
Linked with the advancing and height of mining, the conclusion was drawm that the crack growth angle is 67.8 
degree along strike and 63.5 degree along dip with the average angle 65.7 degree. 
4. Relations between ground crack width and horizontal deformation 
4.1. The distribution characters of ground crack width 
In order to get the distribution principle of crack width, two typical profiles were chosen along strike and dip 
direction respectively. Specifically, strike profile is on the road and dip profile is perpendicular to working face in 
the fully mining district. Taking the width of cracks on profile for studied example and the distribution situation of 
cracks, two profiles were shown in Figs. 2 and 3.  
 
cur ve 
f i t t ed cur ve 
advanced 
pl ace of  
coal  f ace
（ ）
space bet ween 
cr acks（m）
advance or i ent at i on 
of  coal  f ace
   
Fig. 2. Crack distribution along strike direction 
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Fig. 3. Crack distribution on dip direction 
From these two graphs, several points can be summed up: 
• Cracks on different places along strike direction have nearly normal distribution and the function between width 
and its distance from the boundary of working face is fitted in formula one. The widest crack is located at a 
distance of 21 meters ahead from working face. 
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                                                                                                        （1） 
where, L represents the width of crack and x means the distance between cracks and the boundary of working face 
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 which is positive outside of working face and negative inside. 
 
• On dip direction, however, the widest crack situates in the surrounding area where tensile deformation reaches its 
utmost and become narrower along goaf and mining influenced border. It reaches the location of outside crack 
angle and inner mining boundary which also reflects that the tensile deformation is main status in the formation 
of ground cracks. Same function about dip cracks are showing in formula 2.  
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• In the accumulative width of cracks, the total width of cracks along strike direction is 726 millimeter.  
4.2. Connections between the distribution of cracks and horizontal deformation 
From the above analysis, the conclusion that horizontal deformation is the main reason to generate cracks and 
leading their distribution was got. When tensile stress caused by horizontal deformation surpasses the allowed value 
of soil, breakage starts firstly [5], and then develops along fracture surface, eventually form cracks. The analysis of 
the connections between the distribution of cracks and horizontal deformation is beneficial for grasping the rules of 
mining-induced ground cracks.   
4.2.1. Determination of dynamic movement and deformation caused by mining action 
Ming-induced dynamic deformation is the direct reason for the formation of cracks, so firstly the value of 
dynamic horizontal deformation must be calculated before the analysis of their connections. Scholars from home 
and abroad have done some work on the calculation methods of dynamic movement and deformation caused by 
mining action. At present, the most widely used approach is still the method based on time-influenced function as   
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C is the time-influenced coefficient [6, 7], and which is also used in this paper. 
 
When computing with the above function, the most important thing is to determine coefficient C, and reference 
article 3 have given an academic calculate method. However, if this coefficient can be inversed through the actual 
surveying material, it should be more accurate and suitable in the surveyed area. The field data of 1314 working face 
in Baodian colliery is used here to calculate C and C was got at 0.75. The prediction result for surface subsidence 
and horizontal movement used with above function along with field surveying were shown in Fig.4. 
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Fig. 4. Comparison of movement between measured and predict (a).Comparison of subsidence; (b).Comparison of horizontal movement 
 
Subsidence error is about 269 millimeter, at 6.3 percent of the largest value while horizontal movement error is 
about 142 millimeter, at 8.5 percent of the largest horizontal movement which can satisfy the engineering demand 
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and can be used to guide practice. 
4.2.2.  Relations between the distribution of cracks and horizontal deformation 
Miniature cracks emerge when horizontal tensile deformation reaches critical values and then as the increment of 
surface tensile deformation, cracks are becoming wider. 
From the fitted distribution function of cracks along strike, it can be observed that its shape resembles that of 
horizontal deformation but crack width delays from the utmost value of surface tensile deformation. After tensile 
deformation reaches the largest value, ground cracks gradually achieve maximum because soil inertia can keep the 
initial balanced situation. 
As tensile deformation begins to decrease, cracks also drop from their widest to gradually closing at asymmetry 
progress with some cracks still have some amount of width while others uplift due to extrusion. 
Through calculation, tensile deformation along strike can reach 1398 millimeter in total during the observing 
period, while the observed crack width along strike is 726 millimeter, which indicates soil has ability to absorb 
partly quantity of tensile deformation. Cracks along strike weight 51.9% of tensile deformation. 
5. Rules for crack depth 
Aimed to study the situation of crack depth, four cracks in different width and height L31, L33, L20, and L39 
were chosen to dig. Their shape at ground is shown in Tab. 1 and specific depth configuration and soil structure 
were displayed in Fig. 5.  
Table 1. Ground situation of cracks dug 
Crack number L31 L33 L20 L39 
Surface width (mm) 100 100 50 35 
Step fall (mm) 200 200 100 0 
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Fig. 5. Crack depth and soil structure 
From Table 1 and Fig. 5:  
• Cracks as a whole show a “V” shape that is wider at top and narrower below and are finite in their depth. Crack 
L20 turn wider at 1.5 meters below ground is caused by another crack develops to the same location. Except L31 
which still has 40 millimeter width dug 2.97 meters under ground, other cracks, on the other hand, vanish above 
2.9 meters. 
• Cracks do not grow vertical under ground. Influenced by soil structure, they develop along weakness planes and 
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 so turn in different formation. 
• There are connections between crack depth and its width and height. Under same geological condition, the more 
are cracks in width and height, the deeper of them. Small cracks will close quickly. 
• Meanwhile, cracks are also affected by soil, construction and unconsolidated soil formation can stop cracks from 
continue development. 
6. Conclusions and suggestion 
Based on above analysis, the following conclusions can be drawn: 
• Ground cracks caused by high intensity fully-mechanized caving have small horst and graben in tensile area and 
uplifting phenomenon in compressing district. 
• There are direct connections between the developing pattern of cracks and tensile deformation caused by mining 
action. The development of crack keeps behind tensile deformation and can’t reflect the full capacity of its value 
due to soil absorbing.  
• Cracks influenced by soil structure do not grow in vertical, but in general they show “V” shape and have limited 
depth. 
• Cracks in compressive area can close at some degree, but some cracks still split which need grouting or other 
technical treatment to keep its safety. Moreover, this treatment had better start before ground reaches stable 
condition, because compressive deformation can help cracks close in width and depth, so the best time is during 
this period.  
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